ABSTRACT. Anatomical and histological examinations were conducted on the digestive glands of two closely related mountain newts, Neurergus microspilotus (Nesterov, 1916) and Neurergus kaiseri Schmidt, 1952. In N. microspilotus and N. kaiseri the major digestive glands comprise a very large liver and a small pancreas. In both species the liver has two distinct lobes, right and left. Histologically, the parenchyma of the liver of both species is contained within a thin capsule of fibroconnective tissue.
INTRODUCTION
The digestive system of vertebrates demonstrates various structural and functional adaptations to their diverse feeding habits. The digestive tract also represents a functional link between foraging activity and energy conservation through energy allocation for various activities (Secor 2005 , Romão et al. 2011 . Over the last decades, field observations and experimental laboratory studies have shown that the anatomy and physiology of the digestive tract of many species are flexible, and can change in response to variation in environmental conditions (McWilliams and Karasov 2001) . A variety of glands are present within the digestive tract. The liver and pancreas are major secretory structures that lie across the stomach and duodendum and are derived from the embryonic gut. The liver is the largest of the digestive glands, serving as a nutrient storage organ and producer of bile (Vitt and Caldwell 2009) . The bile drains from the liver into the gallbladder and then moves via the bile duct into the duodenum, where it assists in the breakdown of food. The amphibian liver is located posterior and ventral to the heart, and the gross anatomy of the former varies depending on the taxonomic group, but generally conforms to the body shape of the amphibian. Anurans have a bilobate liver, while caudate have a slightly elongated and emarginated liver, and in the caecilians it is slightly emarginated and is very elongated. The gall bladder is intimately associated with the liver in many groups of vertebrates, with a bile duct connecting it to the duodenum. The pancreas is a smaller, diffuse gland. It secretes digestive fluids into the duodenum and also its endocrine portion produces insulin (Vitt and Caldwell 2009) .
In Iran, the genus Neurergus has a relatively wide geographic distribution, ranging from the southern Zagros Mountains to the mid-Zagros range, and extending into Iraq and southern Turkey (Baloutch and Kami 1995) . Afroosheh et al. (2016) demonstrated that Neurergus microspilotus (Nesterov, 1916) (Sharifi et al. 2009 , IUCN 2011 . Neurergus kaiseri Schmidt, 1952 is endemic to first order streams at elevations ranging between 800 and 1500 m a.s.l., and occurs in 36 highland streams (Mobaraki et al. 2014) . N. kaiseri has also been evaluated as being vulnerable species by IUCN criteria (IUCN 2016) . This species has also been amended to the Appendix I of the Convention to the International Trade to Endangered Species (CITES) . N. microspilotus is slightly larger than N. kaiseri and can be found in different climatic regions. Although both species of Neurergus occur in highlands' first order streams, the macro-ecology of these two areas (mid-Zagros and southern Zagros) are distinctively different. In the southern Zagros Range, where N. kaiser, occurs, the climate is warm without freezing temperatures in the winter, while in western Zagros, where N. micropilotus occurs, the climate is cold with pronounced seasonal variations, including a prolonged winter freezing. In both areas the mountain newts are top predators of the diverse benthic macro-invertebrates (Sharifi and Assadian 2004) .
The main objective of this study is to describe the digestive gland (including the liver and the pancreas) of two critically endangered mountain newts. We compare and contrast the specific similarities and differences in the anatomy and histology of these two digestive organs.
MATERIAL AND METHODS
Several newts of N. microspilotus and N. kaiseri were collected from Kavat Stream (34°53N, 46°31E) in the mid-Zagros in western Iran, and Bozorgab Stream in the southern Zagros Mountains (32°56N. 48°28E) in spring 2012 (April to May), respectively, and were kept captive at a breeding facility (CBF) in the Razi University . Permits for collections for the scientific study of N. microspilotus were issued by the Regional Office of Environment in Kermanshah Province; and for N. kaiseri, from the equivalent office in Khoramabad Province. The newts were maintained in a 75 × 45 ×35 cm glass aquarium, supplied with local water and were fed earthworms or blood worms. Two females and two males of N. microspilotus and N. Kaiseri, which died at the CBF, were subjected to the present histological study. All animals were in resting condition and each with a body length of about 173.91 ± 17.75 mm for N. kaiseri and 192.35 ± 10.20 mm for N. microspilotus. The body length was measured as the distance from the tip of the snout to the posterior border of the cloacal opening. The body was divided into five parts. The specimens were fixed in 10% formaldehyde and dehydrated in a series of ethanol treatments, starting from the 70% storing solution, then were cleared in xylene, embedded in paraffin, and serially sectioned at 7 µm with a rotary microtome. The sections were stained with Hematoxylin-Eosin for general morphology and PAS for identifying carbohydrates according to the protocol of Luna (1968) . Sections were observed with an Olympus microscope (Leica Galen III) and were photographed with a digital camera (Leica with Dinocapture 2) mounted to a microscope.
RESULTS
The livers in N. microspilotus and N. kaiseri are similar and have two distinct lobes, right and left. The left lobe is longer than the right, with a sharp distal end, while the distal end of the right lobe is attached to a spine-shaped accessory process on its medial surface. In both species, it lies ventral to the stomach, and, when fresh, is dark red in color. A thin layer of serous membrane with scattered melanin pigment covered the liver. In the two species the liver is an elongate organ with its anterior end attached to the transverse septum, and extending at least as far posteriorly as the duodenum. In every case the major part of the liver lies on the right side of the body cavity, leaving room for the stomach on the left, and the liver completely suspended by mesenteries. There is a gall bladder lying just dorsal to the right lobe of the liver. The main fissure of the liver is long but does not penetrate deep into the liver on its ventral surface. Therefore, the lobs are less evident on this surface than in dorsal section (Figs 1-4) .
Analogous in histology, the parenchyma of the liver in N. microspilotus and N. kaiseri is contained within a thin capsule of fibroconnective tissue. Thin septa originate from the capsule and divide the liver into incomplete lobules. Hematopoitic tissue is located in the subcapsular region, in multiple layers. The parenchyma itself is primarily composed of polyhedral hepatocytes, typically with central nuclei. Fat storage often dissolved during the routine histological process, and glycogen mass, look like scattered red dots in the cytoplasm and produce considerable histological variability. The histology of the liver of newts differs from that of mammals in that there is a pronounced tendency for the disposition of the hepatocytes in lobules, and the typical portal triads of the mammalian liver are rarely seen. Sinusoids are lined with endothelial cells forming a very thin cytoplasmic sheet. The nuclei of these cells are elongated and protrude into the sinusoidal lumen. The endothelium is fenestrated by small pores. Melanomacrophages can be seen on the sinusoidal wall and also on the hematopoitic component of the liver, and they have melanosyntethic activity. Bile ducts also occur within the parenchyma of the liver. Originating between adjacent hepatocytes, bile canaliculi anastomose to produce the canal of Herring, which has a larger diameter. The ducts are lined by simple cuboidal epithelium (Figs 5-8) . Hepatocyte nuclei were round with blue-violet color. The bile drains into the duodenum by the common bile duct. Smaller ducts within the liver are lined with a single layer of cuboidal epithelial cells. The gall bladder is a storage depot for bile. Its mucosa is thrown into numerous folds. The epithelial lining of the bladder is simple columnar and the tunica muscularis is arranged circularly (Figs 9-10 ).
The pancreas in N. microspilotus and N. kaiseri are similar in appearance and both are roughly oblong glands that lie posterior to the greater curvature of the stomach, and are connected to the duodenum (Figs 11-14) . The pancreas is made up of small clusters of glandular epithelial cells. About 1% of the cells are organized into clusters called pancreatic islets (islets of Langerhans). They form the endocrine portion. The remaining 99% of the cells are arranged in clusters called acini and constitute the exocrine portion. The exocrine portion of the pancreas consists of clusters of pyramidal cells mostly organized in acini. The cells have a dark basophilic cytoplasm, distinct basal nuclei, and many large apical eosinophilic zymogen granules containing enzymes responsible for the digestion of proteins, carbohydrates, fats and nucleotides, which is called pancreatic juice. Enzymes are delivered into to the duodenum via the pancreatic ductules, which coalesce to form the main pancreatic duct. This latter opens, distinctly or after rejoining the common bile duct, into the duodenum. The pancreatic ductules and the main pancreatic duct are lined with cuboidal to columnar epithelium, respectively (Figs 11-14) . 
DISCUSSION
In most amphibian species, the liver is divided into right and left lobes (Grafflin 1966) . However, the Taiwanese frog, Hoplobatrachus regulosus (Wiegmann, 1834), and Chinese Fire-bellied Newt, Cynops orientalis (David, 1873), have three and five lobes, respectively (Chen et al. 2003 , Xie et al. 2011 . In N. microspilotus and N. kaiseri, as well as in Salamandrina Fitzinger, 1826 (Francis 1934 , Wonderly 1936 , the liver is large, and only very slightly lobed. Neurergus is phylogenetically closer to the C. orientalis, they are both in the subfamily Pleurodelinae, so it is unusual that the liver of Neurergus resembles that of Salamandra, which is in another subfamily, Salamandrinae. This should be discussed. However, the hepatic structure normally varies in direct relationship to gender, age, available food (especially with regard to glycogen and fat content), or temperature, and with endocrine influences strongly connected to the environmentally regulated breeding conditions. The microscopic analysis in N. microspilotus and N. kaiseri revealed that the liver in these species is covered by a thin layer of connective tissue, forming the hepatic capsule, which according to Schaffner (1998) , is common to all vertebrates. According to Ross et al. (2003) , this capsule contributes to the division of the parenchyma into structural units, called hepatic In the hepatic parenchyma of N. microspilotus and N. kaiseri a large quantity of melanomacrophage centers, as indicated in the Fig. 5 , is present. These, also known as macrophage aggregates, are distinctive groupings of pigment-containing cells called melanomacrophages. They are contained in the tissues of amphibians, reptiles and some fish, normally in the liver (Agius and Roberts 2003) . According to Frye (1991) , these cells are numerous in amphibians and reptiles, except among snakes, in which they are less plentiful (Hack and Helmy 1964) . These cells have various functions, among which the synthesis of melanin, fagocytosis and neutralization of free radicals (Guida et al. 2004 ). The numbers of hepatic melanomacrophages in the amphibian liver are influenced by seasonal variation in some species, and increase with age and with antigenic stimulation in all species (Sichel et al. 2002) . In N. microspilotus and N. kaiseri there is a gall bladder lying just dorsal to the right lobe of the liver. The gall bladder is a storage depot for bile. Its mucosa is thrown into numerous folds. The epithelial lining of the tunica muscularis is arraigned circularly.
The pancreas contains two distinct populations of cells, the exocrine cells, which secrete enzymes into the digestive tract, and the endocrine cells, which secrete hormones into the bloodstream (Slack 1995) . The pancreas arises from the endoderm as a dorsal and a ventral bud, which fuse together to form the single organ. Mammals, birds, reptiles and amphibians have a pancreas with similar histology and mode of development, while in some fish, the islet cells are segregated as Brockmann bodies (Slack 1995) . The pancreas in N. microspilotus and N. kaiseri are roughly triangular in shape, and lie rather to the dorsal side of the duodenum, between it and the stomach. In N. microspilotus and N. kaiseri the exocrine pancreas is a lobulated, branched, acinar gland. The secretory cells are grouped into acini and are pyramidal in shape, with basal nuclei, regular arrays of rough endoplasmic reticulum, a prominent Golgi complex and numerous secretory (zymogen) granules, containing the digestive enzymes. The lumina of the acini are small and may be terminal or intercalary. At the junction of the acini and ducts are low cuboidal centroacinar cells. The ducts proper are lined with columnar epithelial cells, and in the larger ducts are found small numbers of goblet and brush cells similar to those of the intestine. The acini and smaller ducts are invested with a delicate, loose connective tissue, which becomes more extensive around the larger ducts.
Finally, a number of infectious diseases such as Ranavirosis (Stöhr et al. 2013) , Chytridiomycosis (Spitzen-van-der-Sluijs et al. 2011 , Bogaerts et al. 2012 , Parto et al. 2013 , Red leg syndrome and Rickettsial inclusions (Vaissi et al. 2017 ) have been recently reported in specimens belonging to Neurergus, both in the wild and in captivity. Internally, diseases commonly affects the liver and pancreas of amphibian (Bollinger et al. 1999 , Green 2001 , Wright 2006 . The development and refinement of amphibian medicine remains 9 10
an ongoing practice that reflects the unique life history of these animals and our growing knowledge of amphibian diseases (Densmore and Green 2007) . Also, a number of morphological studies that have been conducted might be useful in developing a conservation medicine for the Iranian newts . The findings of this study demonstrate that the morphological description of the digestive gland of N. microspilotus and N. kaiseri are very similar and can be extended to other newts. Results obtained in the current study are important for understanding the digestive processes, underpinning physiological, pathological and phylogenetic studies (Akiyoshi and Inoue 2012) , and for the management and conservation, including preventive and therapeutic medicine, of these animals.
LITERATURE CITED
Afroosheh M, Akmali V, Esmaili S, Sharifi M (2016) Distribution and abundance of the endangered yellow spotted mountain newt Neurergus microspilotus (caudata: salamandridae) in western Iran. Herpetological Conservation and Biology 11: 52-60. 
